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ABSTRACT 

This report describes the Macro Output-Input System, a 
programming package for the IBM 7090 designed to make the 
tasks of reading input and writing output as easy to pro- 
gram as simple addition and subtraction. The advantages 
and capabilities of the system are described along with 
numerous examples illustrating its usage. 
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The Macro Output-Input  5 s T e m  - 

Purpose of t h e  S y s  t e m :  

The - Macro - Output-Input - B s T e m  ("MOIST") , was des igned  t o  
make t h e  t a s k s  of r e a d i n g  input-and w r i t i n g  o u t p u t  a s  easy  f o r  
the programmer t o  code a s  a d d i t i o n  and s u b t r a c t i o n .  The con- 
cept i s  t o  f r e e  t h e  7090 programmer e n t i r e l y  from such chores  
a s  having  t o  code h i s  own i n d i v i d u a l l y  t a i l o r e d  machine language 
inpu t -ou tpu t  r o u t i n e s ,  having  t o  improvise  page e jec t  and pagin-  
a t i o n  r o u t i n e s ,  o r  having  t o  w r i t e  F o r t r a n  s u b r o u t i n e s  f o r  d a t a  
t r a n s m i s s i o n ,  t he reby  l eav ing  him m o r e  t i m e  t o  c o n c e n t r a t e  on 
o t h e r  f a c e t s  of h i s  w o r k .  Using M O I S T ,  i n p u t  and o u t p u t  i s  
accomplished conven ien t ly  by macro i n s t r u c t i o n s  which a r e  coded 
by t h e  programmer i n  t h e  same manner a s  he  codes the o r d i n a r y  
machine i n s t r u c t i o n s .  I n  o r d e r  t o  ma in ta in  system s i m p l i c i t y ,  
the number of MOIST i n s t r u c t i o n s  necessa ry  t o  perform each  d a t a  
t r a n s m i s s i o n  h a s  been k e p t  t o  a minimum: i n  most c a s e s  on ly  one 
MOIST i n s t r u c t i o n  i s  r e q u i r e d  t o  r ead  or w r i t e  a d e s i r e d  amount 
of d a t a  i n  t h e  d e s i r e d  form. The t o t a l  number of  d i f f e r e n t  macro 
i n s t r u c t i o n s  t h a t  comprise M O I S T  was purpose ly  k e p t  sma l l  so  a s  
t o  avoid confus ing  t h e  programmer w i t h  an abundance of  new and 
s t r a n g e  i n s t r u c t i o n s .  I n  o r d e r  t o  use  MOIST e f f i c i e n t l y ,  t h e  
programmer need n o t  be f a m i l i a r  w i t h  t h e  a c t u a l  c o n s t r u c t i o n  and 
i n n e r  o p e r a t i o n  of  t h e  macro i n s t r u c t i o n s  themselves .  

A programmer, l i k e  most o t h e r  peop le ,  can u s u a l l y  be counted 
on t o  g r e e t  any new t h i n g  wi th  r e l u c t a n c e ,  and t o  f i n d  a l a r g e  
number of r easons  why the new t h i n g  should  n o t  be used.  For 
t h i s  reason  i t  was recognized t h a t  t h e  major f a c t o r  a f f e c t i n g  
e a r l y  programmer acceptance of t h e  Macro Output-Input  System 
i s  n o t  t h a t  i t  must be simple t o  u s e ,  ( t h i s ,  t o o ,  o f  c o u r s e ) ,  
b u t  t h a t  t h e  programmer m u s t  be convinced t h a t  it i s  easy  (and 
d e s i r a b l e )  t o  use .  For t h i s  r eason  t h e  MOIST Manual (which c o m -  
p l e t e l y  e x p l a i n s  how t o  use MOIST)  p r a c t i c e s  what i t  p reaches :  
the MOIST Manual i s  i t se l f  t h e  o u t p u t  from a 7090 program which 
was w r i t t e n  i n  IBMAP and which u s e s  MOIST e x c l u s i v e l y  f o r  a l l  i t s  
d a t a  t r a n s m i s s i o n s .  
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D e s c r i p t i o n  and Advantaqes of  t h e  System: 

MOIST enab le s  t h e  programmer t o  accomplish d a t a  i n p u t  and 
o u t p u t  e a s i l y  and e f f i c i e n t l y  w i t h o u t  l e a v i n g  e i t h e r  t h e  IBWW 
o r  t h e  FAP assembly language. Twelve macro i n s t r u c t i o n s  ( t w o  
o t h e r s  a r e  nes t ed  macros used i n t e r n a l l y  by M O I S T )  a r e  embodied 
i n  t h e  system. These i n s t r u c t i o n s  have t h e  c a p a b i l i t y  t o  read  
and w r i t e  numeric,  alphanumeric,  and t a b u l a r  d a t a .  A page e jec t  
and page numbering r o u t i n e  i s  b u i l t  i n t o  t h e  system, and MOIST 
h a n d l e s  t h e s e  chores  (a l lowing  59 l i n e s  o f  o u t p u t  from MOIST per 
page)  a u t o m a t i c a l l y  w i t h  no programmer i n t e r v e n t i o n  whatsoever .  
All o u t p u t  can be a u t o m a t i c a l l y  cen te red  a c r o s s  t h e  page ,  l e f t -  
o r  r i g h t - j u s t i f i e d  on t h e  page,  o r  p l aced  i n  any o t h e r  p o s i t i o n  
on t h e  page- -a l l  a t  the programmer's o p t i o n .  

Alphanumeric o u t p u t  of up t o  114 c h a r a c t e r s  can be accomp- 
l i s h e d  u s i n g  t h e  s i n g l e  i n s t r u c t i o n ,  P R I N T ,  followed by an ETC 
c a r d .  A s i n g l e  P R I N T  s t a t emen t  w i t h  no fo l lowing  ETC c a r d  can 
h a n d l e  up t o  57 c h a r a c t e r s  o f  o u t p u t .  Output of t h e  form "BETA= 
22.3243" can a l s o  be accomplished on one coded l i n e  u s i n g  t h e  
i n s t r u c t i o n  WRITE o r  WRITEC. Coding t h e  o p e r a t i o n  HEAD (HEDD i n  
MOIST for  FAP, c a l l e d  MOIST-F),  followed by an  alphanumeric  
message of up t o  60 c h a r a c t e r s ,  produces a head ing ,  c o n s i s t i n g  
of t h e  message, which w i l l  appear  a t  t h e  t o p  of eve ry  fo l lowing  
o u t p u t  page,  a u t o m a t i c a l l y  c e n t e r e d  a c r o s s  t h e  page.  This  a l s o  
r e q u i r e s  b u t  one l i n e  of  code. HEAD ( o r  HEDD) may be coded i n  
a program a s  many t i m e s  a s  i t  i s  d e s i r e d  t o  change t h e  heading .  
Lines  may be skipped on t h e  o u t p u t  page u s i n g  SKIP, and a page 
may be e j e c t e d  a t  t h e  programmer's o p t i o n  ( t h e r e b y  o v e r r i d i n g  
the au tomat i c  p a g i n a t i o n  r o u t i n e )  by coding NUPAGE. Output of 
numeric and alphanumeric d a t a  i n  columnar format  may be handled 
by u s i n g  t h e  DATA i n s t r u c t i o n .  DATA w i l l  o u t p u t  from 1 t o  10 
columns of d a t a  c e n t e r e d  across t h e  page,  and w i l l  d i v i d e  t h e  
columns of  d a t a ,  which may be o f  any l e n g t h ,  i n t o  any d e s i r e d  
b l o c k  s i z e  (where each  block o f  d a t a  i s  s e p a r a t e d  from the n e x t  
by  t w o  b l a n k  l i n e s )  a t  t he  programmer's o p t i o n .  DATA a l s o  h a s  
b u i l t  i n t o  i t  an e r r o r  r o u t i n e ,  i n c o r p o r a t i n g  a d i a g n o s t i c  
message, which t a k e s  a c t i o n  when c e r t a i n  programmer or keypunch 
e r r o r s  occur.  I f  t h e  programmer d e s i r e s  t o  have column headings  
c e n t e r e d  above t h e  columns o f  d a t a ,  which a r e  themselves  c e n t e r e d  
on t h e  page ,  he  may use  t h e  i n s t r u c t i o n  COLHED. COLHED a c c e p t s  
column headings  of up t o  11 alphanumeric c h a r a c t e r s .  
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I n  a d d i t i o n ,  MOIST offers  t h e  programmer an  i n s t r u c t i o n  
which i s  e s p e c i a l l y  designed f o r  debugging (WRITE, WRITEC, and 
DATA a l l  have debugging a p p l i c a t i o n s  a s  w e l l ) .  SNAP, when 
coded i n  any one of i t s  t h r e e  forms, s aves  and produces on the 
o u t p u t  page t h e  c o n t e n t s  of t h e  accumulator  ( P  and Q b i t s  in -  
c l u d e d ) ,  t h e  m u l t i p l i e r - q u o t i e n t ,  t h e  sense  i n d i c a t o r s ,  index  
registers 1, 2 ,  and 4 (MOIST has  n o t  y e t  been adapted  f o r  t h e  
7094), and t h e  l o c a t i o n  coun te r .  

The system i s  so cons t ruc t ed  t h a t  each  o f  t h e  1 2  macro i n -  
s t r u c t i o n s  a v a i l a b l e  t o  t h e  programmer o rgan izes  and stores t h e  
in fo rma t ion  conta ined  i n  i t s  arguments and then  t r a n s f e r s  f o r  
v e r i f i c a t i o n  and d i a g n o s t i c  a c t i o n  ( i f  any)  and d a t a  t r ansmiss ion  
t o  one or m o r e  of f o u r  sub rou t ines .  These s u b r o u t i n e s  a r e  " M o s t " ,  
which implements t h e  HEAD (HEDD i n  MOIST-F), P R I N T ,  PRINTC,  S K I P ,  
INDENT, NUPAGE, DATA, and COLHED i n s t r u c t i o n s  and which r e q u i r e s  
883  c o r e  s t o r a g e  l o c a t i o n s  (890 i n  MOIST-F); " W r i t " ,  w h i c h  i m -  
p lements  t h e  hXiTE and WRITEC i n s t r u c t i o n s  and r e q u i r e s  101  c o r e  
l o c a t i o n s  ( i n  b o t h  sys tems)  : " I n p t " ,  which implements t h e  INPUT 
i n s t r u c t i o n  and r e q u i r e s  105  c o r e  l o c a t i o n s  (109 i n  MOIST-F); 
and "Snap", which implements t h e  SNAP i n s t r u c t i o n  and r e q u i r e s  
53 core l o c a t i o n s  (55 i n  MOIST-F). A l l  o f  t h e s e  s u b r o u t i n e s  re- 
f e r  t o  the F o r t r a n  I V  (For t r an  T I  f o r  MOIST-F) read-wr i te  l i b r a r y  
s u b r o u t i n e  which i s  u l t i m a t e l y  r e s p o n s i b l e  f o r  t h e  a c t u a l  t r a n s -  
mis s ion  of  d a t a .  The " M o s t "  s ub rou t ine ,  which a l s o  i n c o r p o r a t e s  
t h e  au tomat ic  page e ject  and page numbering r o u t i n e s ,  must be i n  
core a t  execu t ion  t i m e  i f  any o u t p u t  i s  t o  be w r i t t e n ;  " W r i t "  
and "Snap" a r e  only  requi red  i f  t h e  i n s t r u c t i o n s  which they  i m -  
p lement  are  p r e s e n t  i n  t h e  u s e r ' s  program. I f  MOIST i s  on ly  t o  
be used t o  r ead  i n p u t ,  t h e  " I n p t "  s u b r o u t i n e  i s  a l l  t h a t  i s  re- 
q u i r e d  - 

One of  t h e  major advantages o f  MOIST i s  t h a t  it i s  easier 
t o  u s e  than  F o r t r a n  f o r  accomplishing t h e  forms of d a t a  t r a n s -  
mis s ion  t h a t  have been desc r ibqd .  This p o i n t  i s  made pa r t i cu -  
l a r l y  c lear  when the amount o f  F o r t r a n  code t h a t  must be w r i t t e n  
t o  accomplish d a t a  t ransmiss ion  e q u i v a l e n t  t o  some of  t h e  MOIST 
i n s t r u c t i o n s  (DATA and COLHED, f o r  example) i s  examined. S e v e r a l  
examples of t h i s  are  presented  i n  t h e  M O I S T  Manual, which i s  in -  
c luded  i n  t h i s  report as an appendix.  However, it must be made 
c l e a r  t h a t  F o r t r a n ,  b e i n g  a complete  language,  i s  much m o r e  
f l e x i b l e  than  MOIST, which i s  only  an  input /output  system des igned  
t o  be used w i t h  a language (IBMAP o r  FAP). I n  f a c t ,  one a p p l i -  
c a t i o n  of MOIST i s  i t s  u s e  i n  an  IBMAP s u b r o u t i n e  t o  handle  l a r g e  
amounts of I/O f o r  a For t r an  I V  (or Cobol) main program, or  i n  a 
FAP s u b r o u t i n e  t o  handle  l a r g e  amounts of 110 f o r  a F o r t r a n  I1 
main program. 
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The MOIST Manual--A P r e f a t o r y  Note: 

The MOIST Manual i s  a c t u a l l y  t h e  o u t p u t  from a 7090 pro-  
gram w r i t t e n  i n  IBMAP, t h e  I B J O B  P rocesso r  assembly language.  
The program producing t h e  M O I S T  Manual u s e s  M O I S T  e x c l u s i v e l y  
for  w r i t i n g  the o u t p u t .  The Manual program occupies  22,500 
ce l l s  (9 ,586  dec imal )  and r e q u i r e s  1 .31 min. t o  assemble u s i n g  
729 V t a p e  d r i v e s .  The loade r  r e q u i r e s  0.65 min. t o  load  t h e  
Manual program and t h e  f o u r  MOIST s u b r o u t i n e s .  The e x e c u t i o n  
of t h e  Manual program, which produces the 1 , 3 4 7  l i n e ,  41 page 
MOIST Manual, i s  accomplished i n  0 .31 min. 

This  Manual i s  u n l i k e  o t h e r  manuals i n  two r e s p e c t s .  F i r s t ,  
i t  i s  i t s e l f  a demonst ra t ion  of t h e  system t h a t  i t  d e s c r i b e s .  
And second,  t h e  examples given t o  i l l u s t r a t e  each o u t p u t  i n s t r u c -  
t i o n  a r e  " l i v i n g "  i n  t h e  s e n s e  t h a t  t hey  have n o t  been copied 
from o t h e r  l i s t i n g s  and inc luded  h e r e ;  r a t h e r ,  t h e s e  are t h e  
"other" l i s t i n g s .  For t h i s  reason  i t  i s  f e l t  t h a t  t h i s  Manual 
can be of  m o r e  t h a n  o rd ina ry  a s s i s t a n c e  t o  t h e  programmer: n o t  
on ly  i s  every  l i n e  o f  t h e  Manual i n  s o m e  s e n s e  an  example of t h e  
sys tem,  b u t ,  i n  p a r t i c u l a r ,  t h e r e  a r e  over  30 examples i n  t h e  
Manual, which w e r e  chosen e x p r e s s l y  t o  t e s t  t h e  system, and t o  
answer many of the t y p i c a l  q u e s t i o n s  of  t h e  k i n d ,  "what would 
happen i f  t h i s  w e r e  coded". This  h a s  been done because  i t  i s  
f e l t  t h a t  th i s  i s  what a programmer wants t o  see when he i s  f i r s t  
p r e s e n t e d  w i t h  a system of t h i s  n a t u r e .  Moreover i t  was f e l t  
t h a t  a system which can s u r v i v e  a t e s t  of  t h i s  s o r t  i s  m o r e  l i k e l y  
t h a n  n o t  t o  win t h e  confidence of t h e  programmer and be used by 
him, and t h i s  i s ,  a f t e r  a l l ,  t h e  u l t i m a t e  aim h e r e .  

A l s o  i nc luded  i n  t h e  Manual i s  a f a i r l y  e x t e n s i v e  comparison 
of  MOIST w i t h  FORTRAN. This i s  i n  t h e  form of  coding examples 
showing t h e  comparat ive l e v e l s  of d i f f i c u l t y  i n  u s i n g  each system 
and t h e  advantages  ob ta ined  by u s i n g  MOIST. 

An a t t e m p t  h a s  been made t o  i n c l u d e  i n  the Manual, i n  words 
and " p i c t u r e s " ,  s u f f i c i e n t  tempta t ion  t o  i n t e r e s t  a programmer 
i n  the MOIST system, i n  a d d i t i o n  t o  g i v i n g  him a l l  t h e  in fo rma t ion  
necessa ry  t o  u s e  t h e  system. 
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